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Prevalence of malaria infection in pregnant women 
compared with children for tracking malaria transmission in 
sub-Saharan Africa: a systematic review and meta-analysis
Anna M van Eijk, Jenny Hill, Abdisalan M Noor, Robert W Snow, Feiko O ter Kuile
Summary
Background In malarious areas, pregnant women are more likely to have detectable malaria than are their non-
pregnant peers, and the excess risk of infection varies with gravidity. Pregnant women attending antenatal clinic for 
their ﬁ rst visit are a potential pragmatic sentinel group to track the intensity of malaria transmission; however, the 
relation between malaria prevalence in children, a standard measure to estimate malaria endemicity, and pregnant 
women has never been compared.
Methods We obtained data on malaria prevalence in pregnancy from the Malaria in Pregnancy Library (January, 2015) 
and data for children (0–59 months) were obtained from recently published work on parasite prevalence in Africa and 
the Malaria in Pregnancy Library. We used random eﬀ ects meta-analysis to obtain a pooled prevalence ratio (PPR) of 
malaria in children versus pregnant women (during pregnancy, not at delivery) and by gravidity, and we used meta-
regression to assess factors aﬀ ecting the prevalence ratio.
Findings We  used data from 18 sources that included 57 data points. There was a strong linear relation between the 
prevalence of malaria infection in pregnant women and children (r=0·87, p<0·0001). Prevalence was higher in 
children when compared with all gravidae (PPR=1·44, 95% CI 1·29–1·62; I²=80%, 57 studies), and against 
multigravidae (1·94, 1·68–2·24; I²=80%, 7 studies), and marginally higher against primigravidae (1·16, 1·05–1·29; 
I²=48%, 8 studies). PPR was higher in areas of higher transmission.
Interpretation Malaria prevalence in pregnant women is strongly correlated with prevalence data in children obtained 
from household surveys, and could provide a pragmatic adjunct to survey strategies to track trends in malaria 
transmission in Africa.
Funding The Malaria in Pregnancy Consortium, which is funded through a grant from the Bill & Melinda Gates 
Foundation to the Liverpool School of Tropical Medicine, UK; US Centers for Disease Control and Prevention; and 
Wellcome Trust, UK.
Copyright van Eijk et al. Open Access article published under the terms of CC BY.
Introduction
In malaria transmission areas, pregnant women—in 
particular primigravidae—are known to be susceptible to 
malaria and to have higher prevalence and densities of 
parasitaemia than are non-pregnant women from the 
same population.1 The size of the excess risk varies with 
the age of the pregnant woman, reﬂ ecting cumulative 
exposure to malaria over a lifetime, and with parity, as a 
result of pregnancy-speciﬁ c immunity acquired after 
exposure to malaria in previous pregnancies. The 
consequences of malaria infection during pregnancy will 
depend on maternal malaria immune status; however, 
infections are associated with maternal anaemia and 
fetal growth retardation, and can result in acute illness, 
pregnancy loss or preterm delivery, and even maternal 
mortality.
The World Health Organization recommends use of 
insecticide-treated nets (ITNs) and intermittent 
preventive treatment in pregnancy (IPTp) with a dose of 
sulfadoxine-pyrimethamine at every scheduled antenatal 
care visit for the prevention of malaria in pregnancy in 
areas with moderate-to-high malaria transmission.2-4 
However, because of rising parasite resistance to 
sulfadoxine-pyrimethamine and decreasing malaria 
transmission in some regions, alternative strategies for 
IPTp are now being assessed, such as screening and 
treatment strategies in pregnancy. This approach consists 
of the use of rapid diagnostic tests to screen women for 
malaria at the ﬁ rst or each antenatal visit and treatment 
of positive women with artemisinin combination 
therapies.5
Data for malaria prevalence in children obtained from 
household surveys, such as malaria indicator surveys or 
school-based surveys, are used to measure transmission 
intensity and success of malaria control activities in a 
region.6,7 Household surveys are logistically demanding 
and expensive. School surveys, by contrast, are cheaper 
to do and often include larger sampled populations;8 
however, neither approach provides a simple routine 
real-time measure of malaria in the community. Pregnant 
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women attending antenatal care are a potential alternative 
source of data for malaria prevalence.
A systematic review9 showed that antenatal clinic 
attendance in pregnant women in most countries in sub-
Saharan Africa is high, with at least 75% of pregnant 
women attending one or more visits in 44 countries in 
2010, and at least 90% of pregnant women doing so in 
21 countries. That pregnant women are easily accessible 
for contact at antenatal clinics especially for ﬁ rst visits, 
makes them a potential surveillance population to track 
malaria transmission intensity. Because women at the ﬁ rst 
antenatal clinic visit have not yet received their ﬁ rst dose of 
sulfadoxine-pyrimethamine for IPTp, malaria infection 
prevalence at this ﬁ rst visit is likely to be an indicator of 
malaria transmission intensity in their community. 
Information on the prevalence of malaria infection at the 
antenatal booking appointment may become more widely 
available if screen and treat approaches for malaria control 
in pregnant women were to be adopted in areas with low 
or reduced transmission in Africa.5
In this meta-analysis, we investigate the relation 
between malaria infection prevalence in pregnant 
women and the more standard reference population of 
children from the same community. We use assembled 
data from across Africa published since 1983 to assess 
how any correlation might be modiﬁ ed by gravidity and 
malaria transmission intensity.10
Methods
Search strategy and selection criteria
We obtained data on the prevalence of malaria infection 
in pregnant women from the Malaria in Pregnancy 
Library.11 This library is a comprehensive bibliographic 
database created by the Malaria in Pregnancy Consortium 
that is updated every 4 months with a standardised 
protocol to search more than 40 sources, including 
PubMed, Web of Knowledge, and Google Scholar.12 We 
used data up to January, 2015, without language 
restriction.12
Inclusion criteria were: studies in sub-Saharan Africa, 
based in either the community or antenatal clinics, that 
screened pregnant women for malaria parasitaemia by 
microscopy or rapid diagnostic test, irrespective of the 
presence of symptoms. We excluded studies that selected 
only women with a history of fever or malaria, and 
studies that diagnosed malaria at delivery, so that the 
data for pregnant women would be comparable with 
those for women attending antenatal clinic. There was 
no time limit for inclusion and we did not restrict study 
selection to those with ﬁ rst antenatal visit data.
We undertook a systematic evaluation of studies in 
pregnant women and extracted data including study 
location, year of study, study population, inclusion and 
exclusion criteria used, use of malaria prevention 
strategies (ITNs, IPTp, or prophylaxis), type of malaria 
diagnostic test used, and test results. Where suﬃ  cient 
information was available, data were extracted by 
gravidity group, study site, and malaria season. Where 
needed, and if possible, we contacted authors of the 
included studies for additional information.
Data on the prevalence of malaria infection in pregnant 
women were then selected on the basis of the availability 
of the same prevalence data in children aged 0–59 months 
collected during the same study period and in the same 
locality as the data in pregnant women. The 
contemporaneous prevalence data in children and 
pregnant women were either extracted from studies 
reported in the Malaria in Pregnancy Library that also 
reported data in children, or obtained from surveys that 
collected data on pregnant women and children 
simultaneously. We identiﬁ ed these data from the large 
database of over 28 483 temporally and spatially unique 
surveys of malaria infection undertaken across Africa 
since 1980 and described elsewhere,6 and from nationally 
representative household surveys, such as Demographic 
and Health Surveys, Multiple Indicator Cluster Surveys, 
and Malaria Indicator Surveys.13–15 An overview of the 
methods used in these surveys has been reported 
previously.9,16 The information we extracted from the 
child records included study population, inclusion and 
exclusion criteria used, use of ITNs, type of malaria 
diagnostic test used, and test results.
We assessed the quality of studies after considering 
source population, participant selection, appropriate 
tests, characteristics reporting, and completeness of 
outcome data. Quality was classiﬁ ed as low-to-moderate 
or good. Further details of the methods used to assess 
quality are included in the appendix.
Statistical analysis
Meta-analyses were conducted using Stata (version 13, 
StataCorp LP, College Station, TX, USA) using the metan 
command with input of numerators and denominators for 
pregnant women and children and the “rr” option to pool 
the prevalence. We expressed diﬀ erences between 
prevalence estimates in pregnant women and children as 
See Online for appendix
Figure 1: Flow diagram for the literature search
7011 records in the malaria in pregnancy 
 database January, 2015
Identification
Screening
Eligibility
Included
631 records identiﬁed with point prevalence 
 information on malaria in pregnancy
631 records assessed for eligibility
57 sub-studies in 18 included records 
7011 records screened
314 records excluded because malaria 
 measurement was at delivery 
299 records excluded because there was 
 no match with children 0–59 months 
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pooled prevalence ratio (PPR) obtained by meta-analyses 
using DerSimonian and Laird random-eﬀ ects models.17 
We used random eﬀ ects models because of the wide 
heterogeneity in study design and to minimise the eﬀ ect of 
study size.18 The extent of heterogeneity was measured 
using the I², a measure of the proportion of total variability 
explained by heterogeneity rather than chance expressed 
as a percentage,19 with 0–40% representing no or little 
heterogeneity, 30–60% moderate heterogeneity, 50–90% 
substantial heterogeneity, and 75–100% considerable 
heterogeneity.20 To explore determinants of the relation 
between the prevalence in pregnant women versus 
children, we examined sources of heterogeneity across 
studies of the PPR estimates using random-eﬀ ects meta-
regression.21 Regression coeﬃ  cients were presented as 
odds ratios (ORs) and their corresponding 95% CIs. We 
estimated between-study variance (τ²) using the algorithm 
of residual (restricted) maximum likelihood, and calculated 
p values, and 95% CIs for coeﬃ  cients using the modi-
ﬁ cation by Knapp and Hartung.22 For the meta-regression, 
study-level predictors were considered for inclusion in the 
initial models if the p value for the univariate association 
of that variable with the endpoint was <0·2.
We considered the eﬀ ect of the following predictors: 
gravidity, study period, location of recruitment for 
pregnant women (community or antenatal clinic), 
coverage of antimalarial prevention (chemoprophylaxis 
or IPTp) in pregnant women, type of diagnostic test, 
malaria transmission intensity, as deﬁ ned by the average 
malaria prevalence among children and pregnant women 
(as a continuous variable and stratiﬁ ed as <5%, 5–40%, 
>40%),23,24 and ITN coverage. Because there is a high 
correlation between ITN use in pregnant women and 
children (appendix), we used data for coverage in 
children to represent both groups.
HIV infection is known to increase the risk of malaria 
in pregnancy;25 however, unfortunately none of the 
included studies had a systematic assessment of maternal 
HIV status. As an approximation of maternal HIV status, 
we used the information from the prevalence of HIV in 
women aged 15–49 years in the same study, or data from 
a Demographic and Health Survey closest to the study 
date, or data from other sources by country in all people 
aged 15–49 years (appendix).
We did a sensitivity analysis to explore the potential 
eﬀ ect of the type of study included (regional survey 
versus observational study) and of study quality on the 
primary outcome by comparing the results of (sub)
national surveys with local studies, or results from low-
to-moderate studies with those from good quality studies.
Role of the funding source
The funding institution had no role in the design and 
development, data extraction, analysis and interpretation 
of the data, or preparation, review, or approval of the 
paper. AMvE had full access to all data and had ﬁ nal 
responsibility for the decision to submit for publication.
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Results
Of 7011 records screened, we identiﬁ ed 18 data sources 
(13 national or subnational surveys and ﬁ ve local studies)26–50 
with information in children that could be matched with 
studies in pregnant women, resulting in 57 substudies after 
stratiﬁ cation of information by location and study period 
(ﬁ gure 1). Table 1 and the appendix show study 
characteristics and the results of the quality assessment.
Studies took place between 1983 and 2012; one study 
recruited participants from an antenatal clinic and all 
others were from the community.38 Five sources used 
rapid diagnostic malaria tests. There was no uniform 
reporting method on use of malaria prophylaxis or IPTp 
in pregnant women; four sources reported case 
management, and for surveys where IPTp was reported, 
the use varied from 3% to 94% for at least one dose of 
sulfadoxine-pyrimethamine. The estimated HIV 
prevalence in women ranged from 1% to 26%; prevalence 
was less than 10% in two-thirds of sources (12 of 18). 
Seven of 18 sources were considered good quality; the 
least commonly reported criterion was the number of 
women and children who were missing a blood test 
result.
There was a strong correlation between the pre-
valence of malaria infection in children aged 
0–59 months and pregnant women (Pearson correlation 
coeﬃ  cient 0·87, p<0·0001, ﬁ gure 2), with the average 
prevalence in children higher than that in pregnant 
women (PPR 1·44, 95% CI 1·29–1·62, ﬁ gure 3), but 
with considerable heterogeneity between studies 
(I²=80%, 95% CI 75–84).
Results of meta-regression identiﬁ ed the following 
eﬀ ect modiﬁ ers of the overall PPR (table 2): higher PPR 
when the average infection prevalence was higher, and 
children’s age group, with a higher PPR when comparing 
children aged 6–59 months with pregnant women than 
when comparing children aged 0–59 months with 
pregnant women (p=0·017 for the eﬀ ect of age in the 
multivariate model).
The type of malaria test used did not have an eﬀ ect on 
PPR (rapid diagnostic tests only 1·41, 95% CI 1·18–1·69; 
microscopy only 1·47, 1·27–1·71; p=0·535 for the eﬀ ect 
of diagnostic test in the univariate model).
We explored the relation further for malaria 
transmission; in subgroup analysis, there was less 
heterogeneity in areas with a prevalence below 5% (I² 42%, 
0–70, table 2) but in areas with a higher prevalence I² was 
more than 80%. The graph of the log prevalence ratio 
(ﬁ gure 4) showed a more consistent pattern in the areas of 
high malaria prevalence, but even in areas with a 
prevalence of over 40%, heterogeneity was high.
A sensitivity analysis in all studies showed that PPRs 
were lower when analysis was restricted to low-to-
moderate quality studies (1·34, 95% CI 1·17–1·54) than 
when analysis included only higher quality studies 
(PPR 1·76, 95% CI 1·39–2·24, p=0·086) but this 
diﬀ erence in eﬀ ect was not signiﬁ cant in the multivariate 
model (p=0·121). PPR for pregnant women versus 
children also diﬀ ered slightly when restricting the 
analysis to local studies only (PPR 1·67, 95% CI 1·46–1·92 
compared with subnational or national surveys only, 
1·39, 1·21–1·86), but this was not signiﬁ cant (meta-
regression: p=0·362).
Figure 2: Scatter plots for malaria prevalence in all pregnant women, primigravidae, and multigravidae 
versus children 0–59 months, sub-Saharan Africa, 1983–2012
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A small number of studies provided enough detail to 
allow analysis by gravidity group.26,28,37-39,40,49,51 The PPR of 
children versus primigravidae was much lower (1·16, 
95% CI 1·05–1·29, 8 studies, I² 48%, ﬁ gure 5) than the 
overall PPR, whereas the diﬀ erence between children 
and multigravidae was higher (PPR 1·94, 1·68–2·24, 
7 studies, I² 80%, ﬁ gure 5). The correlation coeﬃ  cients 
were 0·95 (p <0·0001) and 0·93 (p=0·003, ﬁ gure 2), for 
the comparison in primigravidae and multigravidae, 
respectively. All studies were conducted in areas of 
Figure 3: Forest plot of prevalence ratios for malaria in children (0–59 months) versus pregnant women, sub–Saharan Africa, 1983–2012
Mx=microscopy. RDT=rapid diagnostic malaria test. SNNPR=Southern Nations, Nationalities and People’s Region. Dotted line shows the pooled prevalence ratio. 
Studies are listed in ascending order of prevalence of malaria in children.
Malaria
test
Country and region Median
year
Ethiopia Oromia35
Sudan White Nile48
The Gambia Upper River43
The Gambia North Bank West43
The Gambia North Bank East43
Sudan North Kordofan48
The Gambia Central River43
Rwanda46
Sudan Kassala48
Rwanda45
Namibia42
Sudan Sinnar and South Gezira48
Ethiopia Amhara35
Côte d’Ivoire Abidjan28
Angola Luanda26
Sudan Gedaref48
Ethiopia SNNPR35
South Sudan Upper Nile47
Ethiopia Gilgel Gibe29
Sudan Darfur and Bahr el Gazal48
Ethiopia Gilgel Gibe29
Mozambique South Highland37
Equatorial Guinea Bioko33
Equatorial Guinea Bioko33
Sudan South and West Kordofan48
Côte d’Ivoire North28
South Sudan Bahr El Gabal47
Angola Meso-endemic unstable26
Côte d’Ivoire South28
Côte d’Ivoire Centre28
Mozambique South Coastal37
Mozambique Centre Highland37
Angola Meso-endemic stable26
Côte d’Ivoire West28
Mozambique South40
Angola hyperendemic26
Mozambique Centre Plateau37
Mozambique North Highland37
Mozambique North Centre Highland37
Mozambique Centre Coastal37
Mali Bandiagara31,32
Mozambique North40
Mozambique South Plateau37
Mozambique North Plateau37
Mozambique Central40
South Sudan Equatorial47
Mozambique North Coastal37
Equatorial Guinea Mainland44
Tanzania Tanga38
Mozambique North Centre Coast37
Equatorial Guinea Mainland44
Kenya Gem49
Equatorial Guinea Mainland44
Mali Bandiagara31,32
Equatorial Guinea Mainland44
Equatorial Guinea Mainland44
Kenya Asembo39
Overall (I2=80%, 95% CI 75–84%, p<0·0001)
Mx
Mx
RDT
RDT
RDT
Mx
RDT
Mx
Mx
Mx
RDT
Mx
Mx
Mx
RDT
Mx
Mx
RDT
Mx
Mx
Mx
Mx
RDT
RDT
Mx
Mx
RDT
RDT
Mx
Mx
Mx
Mx
RDT
Mx
Mx
RDT
Mx
Mx
Mx
Mx
Mx
Mx
Mx
Mx
Mx
RDT
Mx
RDT
Mx
Mx
RDT
Mx
RDT
Mx
RDT
RDT
Mx
2007
2005
2008
2008
2008
2005
2008
2010
2005
2008
2009
2005
2007
2012
2007
2005
2007
2009
2009
2005
2009
2003
2009
2008
2005
2012
2009
2007
2012
2012
2003
2003
2007
2012
2007
2007
2003
2003
2003
2003
1994
2007
2003
2003
2007
2009
2003
2011
1983
2003
2009
2003
2008
1993
2007
2010
1994
 1/225
 1/241
 5/991
 2/342
 3/367
 2/189
 7/546
 57/4046
 4/239
 121/4662
 53/1977
 9/227
 28/643
 21/457
 38/682
 9/132
 11/142
 85/1093
 100/1203
 54/611
 127/1207
 28/253
 333/2662
 336/2383
 59/384
 78/508
 140/777
 79/421
 117/612
 232/1125
 118/537
 238/953
 223/880
 125/480
 277/1000
 148/514
 209/673
 222/617
 298/805
 215/580
 490/1162
 729/1720
 169/393
 264/599
 496/1108
 558/1123
 291/581
 836/1602
 166/297
 369/648
 1006/1717
 700/1162
 842/1334
 786/1204
 1197/1770
 1165/1664
 256/328
 0·4
 0·4
 0·5
 0·5
 0·9
 1·1
 1·2
 1·4
 1·7
 2·6
 2·7
 4·0
 4·4
 4·7
 5·5
 6·8
 7·7
 7·8
 8·3
 8·8
 10·5
 11·0
 12·5
 14·1
 15·4
 15·4
 18·0
 18·7
 19·0
 20·7
 22·0
 25·0
 25·3
 26·1
 27·7
 28·8
 31·0
 36·0
 37·0
 37·0
 42·2
 42·4
 43·0
 44·0
 44·8
 49·7
 50·0
 52·2
 55·9
 57·0
 58·6
 60·2
 63·1
 65·3
 67·6
 70·0
 78·0
 1/37
 0/38
 2/167
 0/69
 2/49
 0/30
 3/84
 2/486
 0/33
 6/642
 8/192
 2/38
 7/132
 7/67
 6/84
 2/45
 1/40
 12/124
 8/111
 1/58
 8/131
 34/150
 27/197
 36/284
 8/78
 2/64
 12/182
 7/48
 8/109
 8/139
 52/163
 51/195
 22/135
 4/72
 15/90
 14/78
 43/144
 10/45
 54/121
 55/173
 19/124
 36/210
 37/157
 33/70
 22/159
 20/129
 28/88
 52/177
 82/196
 75/225
 31/122
 241/672
 26/64
 47/111
 109/258
 55/120
 504/1199
 2·7
 0·0
 1·1
 0·0
 3·8
 0·0
 3·1
 0·5
 0·0
 0·9
 4·2
 5·3
 5·3
 10·7
 6·9
 4·4
 2·5
 9·7
 7·2
 1·7
 6·1
 22·9
 13·5
 12·5
 10·3
 3·5
 6·7
 15·4
 7·6
 6·1
 32·1
 26·3
 16·0
 6·0
 16·7
 17·9
 30·2
 22·5
 44·5
 31·9
 15·3
 17·1
 23·4
 47·1
 13·8
 15·3
 31·6
 29·1
 41·8
 33·2
 25·4
 35·9
 40·6
 42·3
 42·3
 45·8
 42·0
0·16 (0·01–2·57)
0·48 (0·02–11·66)
0·42 (0·08–2·15)
1·02 (0·05–21·02)
0·20 (0·03–1·17)
0·82 (0·04–16·59)
0·36 (0·09–1·36)
3·42 (0·84–13·98)
1·27 (0·07–23·16)
2·78 (1·23–6·28)
0·64 (0·31–1·33)
0·75 (0·17–3·35)
0·82 (0·37–1·84)
0·44 (0·19–0·99)
0·78 (0·34–1·79)
1·53 (0·34–6·84)
3·10 (0·41–23·28)
0·80 (0·45–1·43)
1·15 (0·58–2·31)
5·13 (0·72–36·38)
1·72 (0·86–3·44)
0·49 (0·31–0·77)
0·91 (0·63–1·31)
1·11 (0·81–1·53)
1·50 (0·75–3·01)
4·91 (1·24–19·52)
2·73 (1·55–4·82)
1·29 (0·63–2·62)
2·60 (1·31–5·18)
3·58 (1·81–7·09)
0·69 (0·52–0·91)
0·95 (0·74–1·24)
1·56 (1·04–2·32)
4·69 (1·79–12·29)
1·66 (1·04–2·67)
1·60 (0·98–2·63)
1·04 (0·79–1·37)
1·62 (0·93–2·83)
0·83 (0·67–1·03)
1·17 (0·91–1·49)
2·75 (1·81–4·19)
2·47 (1·83–3·35)
1·82 (1·35–2·47)
0·93 (0·72–1·22)
3·24 (2·18–4·79)
3·20 (2·13–4·82)
1·57 (1·15–2·16)
1·78 (1·41–2·24)
1·34 (1·10–1·62)
1·71 (1·40–2·08)
2·31 (1·70–3·13)
1·68 (1·50–1·88)
1·55 (1·15–2·10)
1·54 (1·24–1·92)
1·60 (1·38–1·85)
1·53 (1·25–1·86)
1·86 (1·70–2·03)
1·44 (1·29–1·62)
Higher prevalence in
pregnant women
Higher prevalence in
children
10·01 25
Pregnant women Prevalence ratio
(95% CI)
Children (0–59 m)
n/N Prevalence 
(%)
n/N Prevalence 
(%)
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moderate to high transmission and results of meta-
regression did not show a diﬀ erence in the PPR between 
children and primigravidae (p=0·992) or multigravidae 
(p=0·209) when malaria transmission level was taken in 
to account; however, the number of studies for this 
analysis was small (table 3 and appendix).
Number of 
surveys
Pooled prevalence 
ratio (95% CI)
I² (%) (95% CI) for 
subgroup analysis
Odds ratio meta-
regression (95% CI)
p value 
by level
τ² Variance 
explained 
(%)
p (overall)
No covariates 57 1·44 (1·29–1·62) 80 (75–84) 0·182
Place of recruitment of pregnant 
women
ANC 1 1·34 (1·10–1·62) 0·93 (0·36–2·39) 0·877 0·190 0·0 0·877
Community 56 1·44 (1·28–1·63) 80 (75–85) 1·00 (Reference)
Malaria test
RDT 19 1·41 (1·18–1·69) 71 (54–82) 0·91 (0·66–1·24) 0·535 0·192 0·0 0·535
Microscopy 38 1·47 (1·27–1·71) 83 (78–87) 1·00 (Reference)
Time period (year)
<2000 4 1·72 (1·38–2·15) 80 (47–92) 1·26 (0·77–2·07) 0·344 0·175 0·0 0·344
≥2000 53 1·40 (1·23–1·60) 80 (74–84) 1·00 (Reference)
Average malaria prevalence * as 
an indicator of transmission level
Continuous 57 ·· ·· 1·00 (0·99–1·02) 0·139 0·177 2·4 0·139
>40% 13 1·51 (1·33–1·72) 84 (73–90) 1·79 (1·03–3·10) 0·039 0·184 0·0 0·084
5–40% 31 1·53 (1·24–1·88) 83 (77–88) 1·79 (1·06–3·04) 0·030
<5% 13 0·82 (0·47–1·40) 42 (0–70) 1·00 (Reference)
Antimalarial regimen during 
pregnancy†
None 18 1·17 (0·94–1·46) 89 (84–92) 1·00 (Reference) 0·154 15·5 0·106
IPTp 29 1·64 (1·41–1·91) 75 (64–82) 1·38 (1·01–1·88) 0·042
Prophylaxis‡ 10 1·61 (1·27–2·04) 34 (0–68) 1·38 (0·85–2·25) 0·188
ITN use during pregnancy
No ITN information 16 1·27 (1·07–1·51) 90 (86–93) 1·00 (Reference) 0·176 3·0 0·357
ITN use < 25% 22 1·57 (1·31–1·88) 65 (45–78) 1·18 (0·84–1·68) 0·332
ITN use ≥25% 19 1·64 (1·20–2·23) 72 (55–82) 1·29 (0·89–1·88) 0·173
Age deﬁ nition of child group
0–59 months 31 1·25 (1·07–1·47) 84 (78–88) 1·00 (Reference) 0·156 14·1 0·111
6–59 months 21 1·67 (1·29–2·18) 73 (58–82) 1·36 (0·98–1·87) 0·063
12–59 months 5 1·68 (1·49–1·90) 34 (0–75) 1·38 (0·89–2·14) 0·152
Estimate of maternal HIV 
infection†
Continuous 57 ·· ·· 0·98 (0·96–1·01) 0·139 0·179 1·6 0·139
>9% 16 1·40 (1·19–1·65) 89 (83–92) 0·94 (0·69–1·28) 0·676 0·187 0·0 0·676
≤ 9% 41 1·47 (1·24–1·75) 74 (65–81) 1·00 (Reference)
Multivariate analysis 0·149 17·9 0·025
Average malaria prevalence as an 
indicator of transmission level*
>40% 17 ·· ·· 2·03 (1·12–3·66) 0·020
5–40% 26 ·· ·· 1·97 (1·17–3·31) 0·012
<5% 14 ·· ·· 1·00 (Reference)
Age deﬁ nition of child group
0–59 months 31 ·· ·· 1·00 (Reference)
6–59 months 21 ·· ·· 1·49 (1·08–2·07) 0·017
12–59 months 5 ·· ·· 1·30 (0·81–2·11) 0·270
ANC=antenatal clinic. RDT=rapid diagnostic test. IPTp=intermittent preventive treatment in pregnancy. ITN= insecticide treated nets. *Average malaria prevalence in children 
and pregnant women. †Not signiﬁ cant in multivariate analysis. ‡Any dose for any time period of prophylaxis, not IPTp.
 Table 2: Meta-regression of factors that might aﬀ ect the prevalence ratio for malaria in children 0–59 months versus pregnant women in sub-Saharan 
Africa, 1983–2012
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Discussion
In this meta-analysis we compared the prevalence of 
malaria infection, as detected by microscopy or rapid 
diagnostic malaria tests, in pregnant women with the 
prevalence in children in the same study in the same 
calendar period and in the same location or region. We 
showed that the prevalence of malaria infection in 
pregnant women is lower than that in children aged 
0–59 months from the same population, although 
prevalence estimates in both groups were closely 
correlated, with a strong linear relation (r=0·87) across 
the endemicity spectrum.
The diﬀ erence in prevalence between children and 
pregnant women was smaller when the pregnant women 
were primigravidae and also in areas of low malaria 
transmission. Our ﬁ ndings suggest that changes in 
malaria infection prevalence in pregnant women 
attending routine antenatal care may be considered as an 
alternative indicator to track temporal and spatial trends 
in malaria transmission intensity.
Antenatal clinic populations are a convenient and easy-
to-access group for real-time malaria infection 
surveillance because most women attend antenatal clinic 
at least once during pregnancy, even in some hard-to-
reach rural areas. Women attend scheduled visits with a 
focus on preventive health strategies, prompt 
Figure 4: Bubble plot with ﬁ tted meta-regression line of the log prevalence ratio: child-maternal malaria 
prevalence and average malaria prevalence, sub-Saharan Africa, 1983–2012
Circles are sized according to precision of each estimate with larger bubbles for more precise estimates. Average 
malaria prevalence is the average of malaria prevalence in children and pregnant women.
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Figure 5: Forest plot of prevalence ratio of malaria in children aged 0–59 months versus primigravidae or multigravidae, sub-Saharan Africa, 1983–2012
Studies are listed in ascending order of prevalence of malaria in children.
Pregnant women Prevalence ratio
(95% CI)
Children (0–59 m)YearCountry 
and region
n/N Prevalence 
(%)
Côte d’Ivoire
Angola
Mozambique
The Gambia
Mozambique
Tanzania Tanga
Kenya Gem
Kenya Asembo
Overall (I2=48%, 95% CI 0–77%, p=0·060)
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2007
2007
1991
2003
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2003
1994
 573/3184
 487/2496
 1474/3829
 695/1465
 3335/6641
 166/297
 700/1162
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 12/93
 19/91
 22/72
 100/306
 114/266
 26/42
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Overall (I2=80%, 95% CI 58–90%, p<0·001)
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Higher prevalence in
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Higher prevalence in
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identiﬁ cation and treatment of illness or conditions, and 
birth planning. The patterns of malaria prevalence at 
antenatal booking (that is, before women have received 
any intervention) may, thus, reﬂ ect transmission 
intensity in their communities.
An advantage of using antenatal clinic data to assess 
trends in malaria transmission is that in many countries 
pregnant women are routinely screened for HIV, syphilis, 
and anaemia at their ﬁ rst antenatal booking visit and the 
addition of testing for malaria would not require any 
additional sampling. The large diﬀ erence in malaria 
prevalence between primigravidae and multigravidae 
suggest that gravidity would need to be taken into 
account.
That the risk of malaria in pregnant women is lower 
than that in children in areas of moderate-to-high 
transmission is not surprising. Parasites can sequester in 
the placenta, avoiding detection by diagnostic tests, and 
the concomitant peripheral parasite prevalence can be 
lower than that in the placenta. A meta-analysis by 
Kattenberg and colleagues52 reported a sensitivity of 
peripheral maternal blood microscopy of 72% (95% CI 
62–80) for detection of placental malaria, so if all 
placental malaria infections had been detected in the 
peripheral blood, in some regions the prevalence in 
pregnant women might have approached that recorded 
in children.
However, in areas of higher malaria transmission the 
prevalence gap between pregnant women and children 
increases and the lower detection level in the peripheral 
blood is not likely to explain the diﬀ erence. Previous 
studies and meta-analysis showed that pregnant women 
with acute malaria are consistently better at clearing 
parasites after antimalarial treatment with chloroquine 
or sulfadoxine-pyrimethamine than are children.10,53 This 
ﬁ nding probably reﬂ ects the higher level of acquired 
protective malarial immunity in pregnant women, 
especially multigravidae, in areas of high malaria 
endemicity and, thus, their ability to control and suppress 
parasite densities when infected relative to the immunity 
level in young children. Primigravidae generally do not 
have antibodies to placental-type parasites at the onset of 
pregnancy, but generate these during the course of 
pregnancy if exposed to malaria, and some have 
suggested using these antibody responses as sentinel 
markers for malaria transmission.54
In addition to gravidity, several other factors modiﬁ ed 
the relation between the population prevalence of malaria 
infection in pregnant women and children, including the 
age of the children used for comparison, with greater 
relative diﬀ erences with pregnant women in the 
6–59 months age group than 0–59 month old children. 
This likely reﬂ ects the lower risk of malaria in the ﬁ rst 
months of life compared with that later in infancy.55
Although there was a good correlation between malaria 
in children and pregnant women, the high heterogeneity 
across the malaria spectrum indicates that data in 
pregnant women may be more useful to assess trends 
than to use as an approximation of malaria transmission 
or to estimate malaria prevalence in other vulnerable 
groups. For example, for a malaria prevalence in pregnant 
women between 10% and 20% (12 data-points), the 
prevalence in children varied from 4·7% to 49·7%. The 
heterogeneity was less in areas of low transmission and 
in primigravidae.
There are important limitations to this type of 
secondary analysis that should be considered. First, these 
data might not be representative of sub-Saharan Africa 
because the number of studies with available data in both 
pregnant women and children at the same location and 
during the same time was small (18 sources). Second, 
most of the data for the comparison between children 
and pregnant women came from community-based 
surveys, and it is not yet clear whether these data are 
representative of the antenatal population, especially the 
potential target population for sentinel malaria 
surveillance––that is, those attending an antenatal clinic 
for their ﬁ rst booking visit. Most pregnant women in 
Africa have their ﬁ rst antenatal clinic visit before month 6 
of pregnancy (appendix), when the risk of malaria is 
high, compared with the third trimester (van Eijk, 
unpublished observation); use of malaria prevention 
such as chemoprophylaxis or IPTp in women attending 
for their ﬁ rst antenatal visit is unlikely, so that the 
prevalence of malaria among ﬁ rst antenatal clinic 
attendees may be closer to that of children than reﬂ ected 
in our analyses.
However, women who do not attend antenatal clinics 
may be at greater risk of malaria given that antenatal 
clinic attendance can be low in some rural populations, 
and in women with low socioeconomic status; both of 
these factors have been associated with an increased risk 
of malaria.9,16,56,57 Although this source of selection bias is 
likely to be small in malaria-endemic Africa where more 
than 90% women attend an antenatal clinic at least once,9 
in countries where this is not the case––that is, where 
more than 10% of women do not attend an antenatal 
clinic––population-based surveys may be needed to 
assess whether the risk of malaria infection in these 
women is diﬀ erent from that in women who do attend 
antenatal clinics.
Number of 
studies
Pooled prevalence 
ratio (95% CI)
I² (%) 
(95% CI)
Odds ratio meta-
regression
95% CI p
Primigravidae
>40% 5 1·16 (1·02–1·32) 66 (12–87) 0·99 0·68–1·46 0·992
5%–40% 3 1·16 (0·92–1·47) 0 (0–90) 1·00 Reference
Multigravidae
>40% 4 1·81 (1·54–2·12) 85 (63–94) 0·77 0·48–1·23 0·209
5%–40% 3 2·38 (1·63–3·48) 69 (0–91) 1·00 Reference
Table 3: Subgroup analysis of pooled prevalence ratio of malaria in children versus malaria in pregnant 
women by gravidity and by average malaria prevalence in children and pregnant women, sub-Saharan 
Africa, 1983–2012
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In settings where more than 10% of women do not 
attend ANC, the use of annealing methods should be 
considered that combine data from a relatively small 
random community survey sample with the convenience 
sample obtained from data that can be routinely collected 
in antenatal clinics, as has been done for HIV studies.58 
These hybrid prevalence estimators provide more 
accurate information than those available from using 
only data derived from antenatal clinics, and are more 
eﬃ  cient than when data are collected only through larger 
(and thus more expensive and only periodic) community-
based random survey samples such as in Demographic 
and Health Surveys or Malaria Indicator Surveys.58
Examples of countries with antenatal clinic attendance 
rates less than 90% in a malarious country include 
Nigeria (61% in 2013), Mali (74% in 2012–13), Angola 
(80% in 2006–07), Togo (73% in 2013), and the Central 
African Republic (68% in 2010) (appendix).
Another limitation of this analysis is that, although 
average malaria prevalence among children and pregnant 
women was used for the assessment of malaria 
endemicity, the 2–9 year age group is typically used for 
this.59 Further, the subnational surveys used a two-stage 
cluster sampling design and this might have had an 
eﬀ ect on the standard error around the prevalence 
estimate, but we could not take this eﬀ ect into account in 
our secondary analysis, which might have resulted in an 
overestimation of the precision of the eﬀ ect estimates.
In sensitivity analysis, the PPR from low-to-moderate 
quality studies was lower than the PPR of higher quality 
studies. This ﬁ nding might be partly explained by 
diﬀ erences in transmission intensity because the mean 
prevalence of malaria in children in low-to-moderate 
studies was about half that observed in the better quality 
studies (16% vs 31%, respectively). An alternative 
explanation might include diﬀ erent compositions of the 
study populations in low-to-moderate quality studies, 
with, for example, more primigravidae or women of 
young age. However, information available from the 
included studies was insuﬃ  cient to explore this theory 
further.
Although the biology and epidemiology of malaria and 
HIV diﬀ er substantially, lessons can be learned from the 
extensive experience with the use of antenatal data as a 
convenience sample for HIV-infection surveillance. For 
example, the use of hybrid prevalence estimators and the 
annealing of antenatal data with small random 
community samples to reduce bias.58 Overestimates have 
been reported when comparing estimates from antenatal 
clinics with community surveillance: suggested reasons 
included preferential antenatal attendance (for example, 
referral of people suspected of having HIV to certain 
clinics), the geographic under-representation of rural 
clinics (to obtain the sample size in the required period, 
high volume antenatal clinics are used which are more 
likely to be in urban areas), and cultural factors.60-63 
However, because of their consistent method and routine 
collection antenatal clinics are still the main source for 
trends in countries with generalised epidemics.63
Our meta-analysis found a strong linear relation 
between the prevalence of malaria infection in pregnant 
women and children from the same population. Routine 
information on the malaria infection status of pregnant 
women attending antenatal care might become 
increasingly available if countries switch from IPTp with 
sulfadoxine-pyrimethamine to “screen and treat” 
approaches. This switch could happen because of 
decreasing malaria transmission rates or increasing high-
grade resistance to sulfadoxine-pyrimethamine, the only 
antimalarial currently recommended for IPTp. Antenatal 
surveillance for malaria infection, especially during the 
ﬁ rst antenatal booking visit, should be explored as a 
pragmatic and sustainable method for the real-time 
monitoring of malaria trends.
Contributors
AMvE, FOtK, and RWS conceived and designed the study. AMvE and 
RWS did the literature search and acquired the data. AMvE, FotK, and 
RWS analysed and interpreted the data. AMvE and JH wrote the ﬁ rst 
draft of the paper. FOtK, RWS, AMN, and JH critically revised 
subsequent drafts of the paper. All authors approved the ﬁ nal version. 
FOtK and JH obtained funding.
Declaration of interests
We declare no competing interests.
Acknowledgments
We thank Patricia Graves and Jeremiah Ngondi for providing additional 
data. This review was in part funded by the US Centers for Disease 
Control and Prevention (CDC) through a cooperative agreement 
between the Division of Parasitic Diseases and Malaria, CDC, and the 
Liverpool School of Tropical Medicine held by FOtK. AvE and JH are also 
supported by the Malaria in Pregnancy Consortium, which is funded 
through a grant from the Bill & Melinda Gates Foundation to the 
Liverpool School of Tropical Medicine. RWS is supported by the 
Wellcome Trust as Principal Research Fellow (#079080 & #103602). 
AMN is supported by the Wellcome Trust as an Intermediate Research 
Fellow (#095127) and is Director of the Information for Malaria Project 
funded by the UK’s Department for International Development, UK.
References
 1 Desai M, ter Kuile FO, Nosten F, et al. Epidemiology and burden of 
malaria in pregnancy. Lancet Infect Dis 2007; 7: 93–104.
 2 WHO Global Malaria Programme. Intermittent preventive 
treatment of malaria in pregnancy using sulfadoxine-
pyrimethamine (IPTp-SP): updated WHO Policy recommendation. 
Geneva: World Health Organization, 2012.
 3 WHO Regional Oﬃ  ce for Africa. A strategic framework for malaria 
prevention and control during pregnancy in the African region. 
Brazzaville: World Health Organization, 2004.
 4 Kayentao K, Garner P, van Eijk AM, et al. Intermittent preventive 
therapy for malaria during pregnancy using 2 vs 3 or more doses of 
sulfadoxine-pyrimethamine and risk of low birth weight in Africa: 
systematic review and meta-analysis. JAMA 2013; 309: 594–604.
 5 Tagbor H, Cairns M, Bojang K, et al. A non-inferiority, individually 
randomized trial of intermittent screening and treatment versus 
intermittent preventive treatment in the control of malaria in 
pregnancy. PLoS One 2015; 10: e0132247. 
 6 Noor AM, Kinyoki DK, Mundia CW, et al. The changing risk of 
Plasmodium falciparum malaria infection in Africa: 2000-10: a spatial 
and temporal analysis of transmission intensity. Lancet 2014; 
383: 1739–47.
 7 MEASURE Evaluation, MEASURE DHS, President’s Malaria 
Initiative, Roll Back Malaria Partnership, UNICEF, World Health 
Organization. Household survey indicators for malaria control, 
2013. Available at: http://www.malariasurveys.org/toolkit.cfm 
(accessed April 29, 2014).
Articles
www.thelancet.com/lancetgh   Vol 3   October 2015 e627
 8 Brooker S, Kolaczinski JH, Gitonga CW, Noor AM, Snow RW. The 
use of schools for malaria surveillance and programme evaluation 
in Africa. Malar J 2009; 8: 231.
 9 van Eijk AM, Hill J, Larsen DA, et al. Coverage of intermittent 
preventive treatment and insecticide-treated nets for the control of 
malaria during pregnancy in sub-Saharan Africa: a synthesis and 
meta-analysis of national survey data, 2009-11. Lancet Infect Dis 
2013; 13: 1029–42.
 10 Kalanda GC, Hill J, Verhoeﬀ  FH, Brabin BJ. Comparative eﬃ  cacy of 
chloroquine and sulphadoxine-pyrimethamine in pregnant women 
and children: a meta-analysis. Trop Med Int Health 2006; 11: 569–77.
 11 Malaria in Pregnancy Consortium. Malaria in Pregnancy Library. 
Available at: http://library.mip-consortium.org/ (accessed Nov 25, 
2014).
 12 van Eijk AM, Hill J, Povall S, Reynolds A, Wong H, ter Kuile FO. 
The Malaria in Pregnancy Library: a bibliometric review. Malar J 
2012; 11: 362.
 13 Measure DHS. Demographic and Health Surveys: Available at: 
http://www.measuredhs.com/ (accessed Nov 25, 2014).
 14 Roll Back Malaria. Malaria Indicator Surveys. Available at: 
http://www.malariasurveys.org/ (accessed Nov 25, 2014).
 15 UNICEF. Childinfo: Multiple Indicators Cluster Surveys (MICS). 
http://www.childinfo.org/mics.html (accessed Nov 25, 2014).
 16 van Eijk AM, Hill J, Alegana VA, et al. Coverage of malaria protection 
in pregnant women in sub-Saharan Africa: a synthesis and analysis 
of national survey data. Lancet Infect Dis 2011; 11: 190–207.
 17 DerSimonian R, Kacker R. Random-eﬀ ects model for meta-analysis 
of clinical trials: an update. Contemp Clin Trials 2007; 28: 105–14.
 18 Bohrenstein ML, Hedges LV, Higgins JPT, Rothstein HR. Fixed-
eﬀ ect versus random eﬀ ects models. In: Introduction to meta-
analysis. Chichester: John Wiley & Sons Ltd, 2009: 77–85.
 19 Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring 
inconsistency in meta-analyses. BMJ 2003; 327: 557–60.
 20 Deeks JJ, Higgins JP, Altman DG. Analysing data and undertaking 
meta-analyses. In: Higgins JP, Green S, eds. Cochrane handbook 
for systematic reviews of interventions (version 5.1.0): The 
Cochrane Collaboration, 2011: 243–296.
 21 Harbord RM, Higgins JP. Meta-regression in Stata. Stata J 2008; 
8: 493–519.
 22 Knapp G, Hartung J. Improved tests for a random-eﬀ ects meta-
regression with a single covariate. Stat Med 2003; 22: 2693–710.
 23 Bland JM, Altman DG. Comparing methods of measurement: why 
plotting diﬀ erence against standard method is misleading. Lancet 
1995; 346: 1085–87.
 24 Hay SI, Smith DL, Snow RW. Measuring malaria endemicity from 
intense to interrupted transmission. Lancet Infect Dis 2008; 8: 369–78.
 25 Ter Kuile FO, Parise ME, Verhoeﬀ  FH, et al. The burden of co-
infection with human immunodeﬁ ciency virus type 1 and malaria 
in pregnant women in sub-saharan Africa. Am J Trop Med Hyg 2004; 
71: 41–54.
 26 Consultaria de Servicos e Pesquisas LDA, Consultario de Gestao e 
Administracao em Saude-Consaude LDA, Macro International Inc. 
Angola Malaria Indicator Survey 2006–07. Calverton: COSEP Lda, 
Consaude LDA, and Macro International Inc, 2007.
 27 Index Mundi. Country Facts. Available at: http://www.indexmundi.
com/ (accessed Nov 25, 2014).
 28 Institut National de la Statistique and ICF International. Côte 
d’Ivoire Demographic and Health Survey and Multiple Indicator 
Survey 2011–12. Calverton: INS and ICF International, 2012.
 29 Deribew A, Alemseged F, Birhanu Z, et al. Eﬀ ect of training on the 
use of long-lasting insecticide-treated bed nets on the burden of 
malaria among vulnerable groups, south-west Ethiopia: baseline 
results of a cluster randomized trial. Malar J 2010; 9: 121.
 30 Central Statistical Agency Ethiopia, ICF International. Ethiopia 
Demographic and Health Survey 2011. Addis Ababa, Ethiopia and 
Calverton, USA: Central Statistical Agency and ICF International, 
2012.
 31 Dicko A, Mantel C, Thera MA, et al. Risk factors for malaria 
infection and anemia for pregnant women in the Sahel area of 
Bandiagara, Mali. Acta Trop 2003; 89: 17–23.
 32 Dicko A, Mantel C, Kouriba B, et al. Season, fever prevalence and 
pyrogenic threshold for malaria disease deﬁ nition in an endemic 
area of Mali. Trop Med Int Health 2005; 10: 550–56.
 33 Ministry of Health and Social Welfare, Medical Care Development 
International. Equatorial Guinea Malaria Control Initiative 
(EGMCI) Annual Malaria Indicator Survey Report 2007–09. 
Equatorial Guinea: Ministry of Health and Social Welfare, Medical 
Care Development International, 2009.
 34 Ministry of Health and Social Welfare, Ministry of Economy, Planning 
and Public Investment Equatorial Guinea, ICF International. 
Demographic and Health Survey 2011. Calverton, USA: Ministry of 
Health and Social Welfare, Ministry of Economy, Planning and Public 
Investment Equatorial Guinea and ICF International, 2012.
 35 Graves PM, Richards FO, Ngondi J, et al. Individual, household and 
environmental risk factors for malaria infection in Amhara, Oromia 
and SNNP regions of Ethiopia. Trans R Soc Trop Med Hyg 2009; 
103: 1211–20.
 36 Central Statistical Agency Ethiopia, ORC Macro. Ethiopia 
Demographic and Health Survey 2005. Addis Ababa, Ethiopia and 
Calverton, USA: Central Statistical Agency and ORC Macro, 2006.
 37 Mabunda SJA. The epidemiology and the burden of malaria in 
Mozambique. Barcelona: University of Barcelona, Faculty of 
Medicine, Department of Public Health, 2006.
 38 Matola YG, Malle LN. Factors aﬀ ecting the compliance of malaria 
chemosuppression with chloroquine at some maternal and child 
health clinics in Tanga Region, Tanzania. East Afr Med J 1985; 
62: 720–24.
 39 McElroy PD, Lal AA, Hawley WA, et al. Analysis of repeated 
hemoglobin measures in full-term, normal birth weight Kenyan 
children between birth and four years of age. III. The Asembo Bay 
Cohort Project. Am J Trop Med Hyg 1999; 61: 932–40.
 40 Ministry of Health Mozambique, National Directorate of Public 
Health, National Malaria Control Programme. National Malaria 
Indicator Survey Mozambique (MIS - 2007). Maputo, Mozambique: 
Ministry of Health, National Directorate of Health, 2009.
 41 National Institute of Health Mozambique, National Institute of 
Statistics, Macro I. HIV/AIDS sero-behavioural survey in 
Mozambique 2009. Calverton, MD: National Institute of Health, 
National Institute of Statistics, ICF Macro, 2010.
 42 Ministry of Health and Social Services Namibia. Namibia Malaria 
Indicator Survey 2009. Windhoek: National Vector-borne Diseases 
Control Programme, 2009.
 43 Nyan O, Jallow COA, Manneh K, Jarjou E. Malaria baseline survey 
ﬁ nal report (The Gambia). Banjul, The Gambia: National Malaria 
Control Programme, 2009.
 44 Rehman AM, Mann AG, Schwabe C, et al. Five years of malaria 
control in the continental region, Equatorial Guinea. Malar J 2013; 
12: 154.
 45 Ministry of Health of Rwanda, National Institute of Statistics of 
Rwanda, ICF Macro. Rwanda Interim Demographic and Health 
Survey 2007-08. Calverton MD: Minisanté, INSR, and ICF Macro, 
2009.
 46 National Institute of Statistics of Rwanda, Ministry of Health 
Rwanda, ICF International. Rwanda Demographic and Health 
Survey 2010. Calverton MD: NISR, MOH and ICF International, 
2012.
 47 Eyobo MB, Awur AC, Wani G, et al. Malaria indicator survey 2009, 
South Sudan: baseline results at household level. Malar J 2014; 
13: 45.
 48 National Malaria Control Program Sudan. Malaria prevalence and 
coverage indicators survey Sudan October 2005. Khartoum: Federal 
Ministry of Health (Sudan), National Malaria Control Program, 
2005.
 49 van Eijk AM, Lindblade KA, Odhiambo F, et al. Reproductive health 
issues in rural Western Kenya. Reprod Health 2008; 5: 1.
 50 Central Bureau of Statistics Kenya, Ministry of Health of Kenya, 
ORC Macro. Kenya Demographic and Health Survey 2003. 
Calverton MD: CBS, MOH, and ORC Macro, 2004.
51 D’Alessandro U. An epidemiological evaluation of the impact of a 
national impregnated bednet programme on mortality and malaria 
morbidity in children and on the outcome of pregnancy in 
primigravidae in the Gambia, West Africa. London UK: University 
of London, 1996.
 52 Kattenberg JH, Ochodo EA, Boer KR, Schallig HD, Mens PF, 
Leeﬂ ang MM. Systematic review and meta-analysis: rapid 
diagnostic tests versus placental histology, microscopy and PCR for 
malaria in pregnant women. Malar J 2011; 10: 321.
Articles
e628 www.thelancet.com/lancetgh   Vol 3   October 2015
 53 Tagbor H, Bruce J, Ord R, et al. Comparison of the therapeutic 
eﬃ  cacy of chloroquine and sulphadoxine-pyremethamine in 
children and pregnant women. Trop Med Int Health 2007; 
12: 1288–97.
 54 Ataide R, Mayor A, Rogerson SJ. Malaria, primigravidae, and 
antibodies: knowledge gained and future perspectives. 
Trends Parasitol 2014; 30: 85–94.
 55 Doolan DL, Dobano C, Baird JK. Acquired immunity to malaria. 
Clin Microbiol Rev 2009; 22: 13–36.
 56 Tusting LS, Willey B, Lucas H, et al. Socioeconomic development as 
an intervention against malaria: a systematic review and meta-
analysis. Lancet 2013; 382: 963–72.
 57 Steketee RW, Eisele TP. Is the scale up of malaria intervention 
coverage also achieving equity? PLoS One 2009; 4: e8409.
 58 Hedt BL, Pagano M. Health indicators: eliminating bias from 
convenience sampling estimators. Stat Med 2011; 30: 560–68.
 59 Metselaar D, van Thiel PH. Classiﬁ cation of malaria. 
Trop Geogr Med 1959; 11: 157–61.
 60 Glynn JR, Buve A, Carael M, et al. Factors inﬂ uencing the diﬀ erence 
in HIV prevalence between antenatal clinic and general population 
in sub-Saharan Africa. AIDS 2001; 15: 1717–25.
 61 Dandona L, Lakshmi V, Kumar GA, Dandona R. Is the HIV burden 
in India being overestimated? BMC Public Health 2006; 6: 308.
 62 Rice BD, Batzing-Feigenbaum J, Hosegood V, et al. Population and 
antenatal-based HIV prevalence estimates in a high contracepting 
female population in rural South Africa. BMC Public Health 
2007; 7: 160.
 63 UNAIDS. Methodology - Understanding the HIV estimates. 
Geneva: Strategic Information and Monitoring Division, UNAIDS, 
2013.
